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BAHHOrO CTAJlbHOrO n/lACTblPfl 
(57) CymnocTb M3o6peTeHM9: TepMoo6pa6oTKy 
nnacTwpP toksmm bwcokoA wacTOTbJ ocymecr- 
a/i»K>T nocne ro<t>pwpoBaHw». a cMaaoMHua 
c/io& HaHOCflT noaTopHo nocne ox^a^CHMP. 
npeA^araeMWPi cnoco6 no3Bo/weT 3a c^eT no- 
BWuieMMji nnacTMMMUx cbo&ctb MeTan/ia na- 
AexHO o6ecnenwTb r epMe™3auuto 
pewoHTupyeMcro yqacTtca cKBa*M«bi. 1 xaS/i. 



WaoepereHvte othocwtc* k o6pa6oTxe mc 
Tan/ia Aaa** H * eM > B ^acTHOCT* k TexHonoriw 
MarOToaneH^R ro<t>pMpoaaHHux Tpy6. 

OCHOBMWMM OnepaUHJIMM B TeXHQAOrHHe- 

ckom npouecce HsroTOB/ieMW* tohkoctchm^x 
ro<t>PMpoBaMHbix Tpy6 ae/iAetcn xonoAnau Ae- 
4>opMauMft. HanpvtMep aonoHenwe w npOKaxxa 
tpyfc, xwMM^eaca* o5pa6oTica. TepMHsecxa* 
o6pa6oT*a a*» cwatm» oct3tohmwx nanpaxe- 
hw&, B03MwicaK>iuwx b pe3ynbTaTe Ae<t>opMa- 
Uv$m n npcxfcvi/wposaHHii mctoaom Hatca-ncw, 

W3aecT3H cnoco6 w3roToe/\€MMP Tpy6 c 
npoAO/ibMbTMu rcxfrpaMM nyreM AayxaTannoro 

<t>OpMOB3HM» Tpy6u-3arOTOBKM. npMM6M Ha 

nepaoM 3T*ne ec ro<t>pwpy>OT paAMa*fcHUMt4 

yCMJlMRMM. 8 H8 BTOpOM 3T3He 06**M3K)T B 

npo<t>viflwpoBaMHOtf ao/ioice. 

OflMaKo BoaHWKaioiuMe b pe3ynbTate 
c/k»khoA AC4>opMa4MH ocTarpMHbie HanpH*ce- 
HMA ne abiot AoctaTOMHOft nonepeMMOft npon- 
hoctw, M^Tan/i CTanOBMTC« xpynicwM m 



HenpnroAeH b xasectBe *macTbip« npu pcmoh- 
ts o6C3AHO« kojiohhw a CKBaxvme. 

£n« ch*™* ocTatOMHbix Manp»^ceHirti4 Tpy- 
6unoABCpraiOTTepMMMecKOft o6pa6oTKe - ot- 
jKwry b nesax wna nCO-06 w/114 n ^O~09 vi 
nonyMeHwa Ha Tpy5ax okwcho^ wen**, bw 
nonnsiioiueii 4>ynxuMVi noAMa30MHoro noxpw- 
tmr w o6naAa»oiue^ aoct3T0mhom 
nopwcTOCTbto k aACOp6uwtowHO<?i cnoco6no- 

CtbK) K CMB3Xe. 

VIsaecTeH Taiwe cnoco6, npw kotopom 
TOHxocteHHwe npo<J>n/ii>Hbie Tpy6w npaawT 
pacTwxeNMCM m pa3A3se« c narpeaoM Ma anex- 
TporepMWMecKOM o6opyA088Hnn. CHavana 3a- 
roroeicy xpy6w HarpesaiOT Toxawvi 
conpOTUBWMwa ao TaMoepaTypbi orxwra. a 
38TCM ttocne ox/iaxAeHvui paaAaior npvi homo 
iuw xonwMecKoft onpaaicvi, 

HaAOCTaTOK cnoco&a 3axn«)MaeTCj» a tom. 

HTO HP* H3/lO)KCHV1H flABCTbipft ^3 M60T0X«KeH- 
HWX Tpyfl KO^CT OpOMCxOAWTb P33PUB HO 

npCKfrw/ibHOft oDpa3y»ome*H. 3 npv; na/iottenvin 
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nnacTwpa vi3 OTo**eHHbix Tpy6 c nocneayKr 
iuhm ro4>pMp083MneM mo^ct nponcxOAt*Tb 06- 
pasoeaHMe.MMKpoipemMH bo enaAunax w na 
euCTynax opoAon*Hbix ro<J>p npu Ae<t>opM3u"" 
mx ao unnuiMAPviHecxo^ 4>opMbu KorAa ee nnoT- 
ho npn>KWMa»OT (HaxaTwaajOT) AOpHwpytfmeH 
ronoBxo* k BMyTpeHneA noBepxMOcrvi o6caA~ 
hom xononnw. B pe3ym/rare ne o6ecnewwB3- 
ercfl HaaexHOCTb repMeTwsauvw w3-aa 
n/iBCTviMHOCTvi MeTanna rocppupoeaM- 

hopo n/iacTbipH. 

Ue/ibio M3o6peTenwfl «BnAeTCA noswiue- 

Hue naAewHOc™ repMeTVi33Unvi o6caxceHHoa 

cKBa^KMHu nyreM noBbiujeHHn nnacTti^HOCTvi 

MBTa/ma nnacTupa, 

CymHbcTb vi3o6peTennp saxntonaeTca b 

TOM. MTO T6pM006pa60TKy T0K3MH BblCOKOW na- 

ctotw ocyweCTBnR»OT nocne ro^pwpooaMw^. a 
.3aTeM noBxopHO nanocwT CMasoMMbifl cnort. 

B pe3y/ibTaie 3H3*onepeMeHHbix Ae<J>op- 
MauM«, KOTOpwM noAoepraeicfl MeTanna Tpy6 
npw ro^p^pOBanwii xax b npouecce t<3roTOB- 
iieHMfl nnacYbipevH. Tax m npw pa3Aase b npo- 
uecce ycraMOBKVJ b ckb3>khh3x, npoi*cxoA"T 
3tiaMMTe/ibHoe ynpOMHeH^e MeTanna. npusew 
Haw6o/ibUine 3HaMenn« ynpOMHeHU* npwxoA- 
pica Ma snaAMHw ro<|>pwpOBaHHbix Tpy6. 

H3MeHeMvie tbcpaoctw (Hv) CTanw Mapxu 
10 npw repM006pa6oTKe. ro<t>pnpoeaHun vi 
pa3A3^e rinaCTupa noptaaano b xa6nv$ue. 

l/\3 BWAHO. ^TO TBepAOCTb MeTan- 

na rmacTupa nocne pa3Aam* a o6caAHO* Tpy- 
60 AOCTwraeT Haw6onbujMx 3HaMeHitft, ecnn 
nAacTwpir M3roTaBAutBanc» w3 H6TepMOo6pa- 
6oTaHHOiT. Tpy6w. ripvi vtaroToaneHHW nnactw 
pea H3 npeAaapvirenbHO TepMoo6pa6oTaMHbix 
Kpyr/ibix Tpy6 opt* ra<t>pvtpoBaHww TBepAOCTb 
MecxortbKO CHWPKaeic* no cpaBneHnio c Merep- 
MOo6pa6oT3HWbiMn 3afOTOBxaM^. ho nocne 
pa3Aa^M TBepAOCTb oo3pacTaer homtm ao tow 

3K6 Be/IVIMMHW; MTO W 663 T€pM006pa60TKM. (10- 

cne repMUMecxoa o6pa6oTKW ro^pwpoeaHHwx 
Tpy6 c HarpeeoM tok3mh bucoko* mbctotw 
TBepAOCTb mx cnuwaeTca 3wanuTe/ibH0, a no- 
cne pa3AaMw ona MeHbiue. mcm y weTepMOo6- 

pa60T3HHblX. 

B oTrnwie or neMnoro wnui raaoaoro Ha- 
rpeaa npn o6pa6oTKe 3aroTOBxn ToxaMVi bwco- 
xoa MacTOTw npovicxoAWT HesHannTe/ibHoe 
M3MeneHMe 4>opmw ee npo<t>wna. Ha nosepxHO- 
cTWTpy6w o6pa3yeTc« tohxw* cnoa oxanwHW. 
KOTOpbivi-ne oTcnaweaeTc* b npouecce Ae<t>op- 
Mau^w - oa3Aanw. CMa30MHw* enow naHocwT- 
cp na BHyrpeNMioio noBepxHOCTb 
OTO)K)KeHHbix npoAonbNO-ro4>pupoBaHHbix 
Tpy6 nocne wxoxna>KAeHH». Oh npeAOxpanaeT 
BHyTpenmoio noBepxMocTbOT KOppos^OHHoro 
pa3pyuieHb«i a npouecce axcnnyaTauvin w chvi- 
jicenMP oceowx ycwnnw b npouecce pa3AaMW 
nnaCTbipew. 



0 p w m e p J\nn peMOHTa o6c3ahoh ko- 
^OHHbi A v1 « MeT P OM 145 MM c TonaiwiHow CTeH»ivt 
8 mm nnaCTbipb M3f0TasnviBa»OT wa tohxoctcm- 
ho* Tpy6u /iw3MerpOM 130 mm c toauuhhow 
5 creHKVi 3 mm h3 cxann MapKH 10. AnwHa TpySw 
H15m. 

Ha BHyTpeHHiOK) noaepxHOCTb TpySw na- 

HOCftT CnOl^i rpa<}>HTOBOl* MAW APY^OW CM33KM. 

npeAH33HaHCHHOvH an« cHHxceHMHycnwii ro<|>- 
10 putpoB3HMfl. ro<t>pwpoaaHMe uunwHApw^ecxo* 
TpyOw npon3BOAPT na cneuviantHow ycTanoe- 
xe nepe3 ponvixoeyio ronoexy c BHyTpeHHe* 
npo4>wAbHo^i onpaexOM. flonysaeTCB npOAonb- 
H0-ro<t>pvipOBaHHa» Tpy6a c Hapy^HWM A^a- 
15 MeTpOM 1 1 6 mm n mvicaom ro<pp 6 wnvt 8. 3aTeM 
npon3BOAHTca pnxToaxa ro^puposaHHOi?! tpy- 
Gbi nocne oTpeaxu ee na 3aAaHHyio Ainny. 

3aTeM nponaeoA^TCR TepMUMecxan o6pa- 
6oT*a npOAOAbHo-ro<t>pMpooaHHOM Tpy6w - 
20 HopMann3au"« c narpeeoM TOxaMw bwcokom 
MBCTOTbt Ha ycjanOBxe BHT 30/6. Hp* stom 
npoAOAbHO-roc^pvipOBaHHaw Tpy6a ycTaHae- 
nweaeTcs? ropwaoHTanbMO na ponnxoBbix ono- 
pax \a c onpeAenenHO^ cxopocTbK) 
25 npoA** r 3 eTC * nepea vtHAyxTOp. 

Oxna>KAeHtie Tpy6bi npow3BOAWTc» na 
B03AVxe. CMaaxa, fcOTopan 6wna HaHeceHa ne- 
peA ro<J>pwpoBaHvteM. BbiropaeT. 

Tax xax b cxoawwHe npn yCTaHOBxe nna- 
30 CTbipa a ^HTepBane penoHia npoiiaBOAWTcw 
p33Aa**a nnacTbipfl ao xpyrnow 4>opMbi m npw* 
>xaTvifl k CTeHxe o6c3ahow Tpy6w. to npvi 3tom 
bo3Hhx3»ot 6onbiuvie KOHTaxTHbie Harpy3xn 
Me>KAy nnacTwpeM h nHCTpyMeHTOM a^« P^3- 
35 Aasn. £n* CHvixeHM» 3TMX Harpy30X na BHyr- 
penHK)»o nosepxHOCTb nnacTwpfl h3hocmtc» 
BTOpwHHo CMa30MHb»i?» cnoP», XOTOpW* CAy)KWT 
KBK aah CHM>xeHiifl yc*n*fc< B03HMK3!OmMx npw 
pa^Aa^e nnacTb»p^, Tax m aaa npeAOxpaneHu^ 
40 3toA noaepxHOCTM ot xoppo3MOHHoro pa3py- 
taenia a npouecce axcnnyaTauvivi. 

CoMeTaHne TepMMxecxo* o6p36otkh nna- 
CTwpew nocne ro4>pnpoB3Hw« m Hat^ceH^e 
CMasoMHoro caop Ha BHyTpeH hiok> noae^x- 
45 HOCTb nocne TepMMMecxow o6pa6oTXM no3eo- 
AflK)T noswCMTb nnaCT^HHOCTb MeTanna 
nnacTwp o6ecneHWTb GnaroAapa 3tomy na- 
Ae>xHocTt> repMeTnaauum peMOHT^pyewoii 

' CKB3>Kl4Hb*. 

50 

<1> opMyna M3o6peTeMH» 



Cnoco6 M3fOTOBneHM» ro<J>pwpoB3HHoro 
CTanbHoro nnacTwpfl, npeMwymecTBeHHO aa» 
55 pewoHTa o6ca>xeHHo^ cxsa^^Hbi. bka»o^3k>- 
mufi TepMOo6pa5oTxy aarOTOaxn. naneceM^e 
CMaaOMHoro cnoa na BHyTpeH h»oio noeepxHocrb 
3aroTOBxn w ee ro^pvApoeaHne. o t n v\ m a to m w 
c » TeM. ^nrj, c uenbio noBwujeHHH HaAoxnocTiA 
repMetH3auviM o6ca>xeHHOfi ckb^nchhw nyieM na 
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BuiueMw* nnacrwHHoc™ MeTanna n/iacTMp*. ocymeCT0/m«OT nocne ro^p^po&snvta. a sayew 
TepMoo6pft6oTicy TOicaMM bucoko* sacroTw hobtopmo MaMocax cMaao^urt cnoft. 



HcxoAHoa coctoh- 




Bun o6oa60TKH 




Hwe MaTcpnana 


Ao ro4>pwpoBaHHfl 


Hocne ro4>pwpo- I 

08HMR 


TepM005pa6oTka 
nocne ro4>pnpoB3- 

UHfl) c HarpeBOM 

TOKSMM BWCO- 
KOM MaCTOTbll 


nooie paaAa^n 


Boa Tdp*too6pa- 
6oTicw 


1570 


1750 




2020 


C TepMOo6pfi6oT- 


t350 


1660 




1966 


663 TepMOo6pa- 
6OTKM 


1570 


1750 


1350 


1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 



1749267 
4 



Example. For repair of a casing of diameter 146 mm with wall thickness 8 ram, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-11.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 116 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 


Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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